Three different types of concrete mixes of design strengths 100 MPa, 50 MPa, and 50 MPa lightweight were designed, produced, and analyzed in the effort to quantify their effects on sustainability and economics. An overall comparison taking into consideration the structural, environmental, and economical effectiveness was conducted to find the most beneficial and reliable material to be used in sustainable structures. Different concrete types were used in the design of typical multi story buildings of the same loadings and dimensions. The only input variables in this research are the different mixes of concrete. By fixing the applied loadings and the buildings' dimensions, the three different materials were studied in terms of their effects on the structural design of members, carbon footprint and sustainability, and economics. High strength concrete using microsilica was concluded to be the most effective material to be used in construction with the best effects on sustainability and economics.
Introduction
Throughout the last decades, concrete production has been a major area of study by companies and researchers seeking to enhance the quality, cost, and production processes of industrial concrete. Concrete producers and members of the industry focused on innovating techniques and production processes that would enable the production of high performance and strength concrete types that meet quality, and economical objectives of the profession, and simultaneously follow up with the growing environmental standards as the world was heading towards the era of green engineering. Like any other business, there is a challenge of maximizing profit and decreasing costs. Therefore, innovative ideas took place to improve the quality of the concrete through getting workable, durable and strong concrete which concluded by getting a high-performance or what is called nowadays sustainable concrete. This made it economical and feasible for concrete to become the most used building material in the world.
However, new innovations come with consequences, as sustainability became a very important issue worldwide. There are three bonded elements by which sustainability can be achieved which are the environment, economy and society. Since concrete is the most used construction material in the world, civil engineers are significant part of the equation to achieve sustainability in their profession. High Performance Concrete (HPC) was created using innovative ideas such as: replacement of cement quantities by using cementitious materials such as silica fume and fly ash, replacement of specified normal aggregate by light weight aggregate, reducing water to cement ratio, etc. In fact, High strength concrete and light weight concrete are two of the alternatives to using conventional concrete. Other alternatives include flowable and fill concrete, heavyweight concrete, roller compacted concrete, fiberreinforced concrete, etc.
As new concrete materials are entering the market every day, the necessity to create new methods to analyze and compare the effects of using different concrete materials on Sustainability became important. In this study, the focus is on the effects of using different kinds of concrete of varying compressive strengths and characteristics on a prototype building in terms of the effect on the structure, economic, and environmental aspects of the construction process. The three concrete kinds are: Normal Concrete (50 MPa), High Strength Concrete ( 100 MPa), Light weight concrete (50 MPa). In this research, the structural design for a typical 4-story building will be established in order to check the different concrete types through a complete analysis for each one of them. A computer program (ETABS) will utilized to accomplish this target. Also, the ACI code will be controlling the design and Life-365 software was used to note the effect on the sustainability and economic parameters of using different concrete types [1] [2] [3] [4] [5] [6] [7] .
Laboratory Testing
Since it is important to provide the designer with accurate values for the characteristics of concrete, laboratory testing was conducted. Ultimately the designer will input these values into the designing software to obtain the required design of the multi-story building. For each concrete material, the following parameters were found from testing procedures according to ACI code:
1. Compressive Strength of a 150x300 mm cylindrical concrete specimen 2. Tensile Split Test of a 150x300 mm cylindrical concrete specimen 3. Modulus of Elasticity of a 150x300 mm cylindrical concrete specimen 4. Flexure Strength of a 300x100x100 mm Beam concrete specimen 5. Absorption Testing of a 150mm Cubic Specimen [8] [9] [10] .
For each concrete type, the above parameters were entered into the software structural design using ETABS. These parameters were found from testing in order to provide realistic input values for each concrete type.
Structural Design
After the laboratory testing, the design phase was initiated. Standard dimensions and applied loadings of the three multi-storey buildings were assumed. Storey height, bay length, total length, total width, and other dimensions were assumed and fixed for the all the three concrete materials. Furthermore, dead and live loads were taken from the code and fixed for all the three building designs. The three multi-story buildings were modelled using ETABS. All Beams, columns and slabs were designed using ETABS and SAFE software, and the drawings and detailing for the different sections were obtained. Once the design of the three buildings was completed, the total volume of concrete which will be used in the construction of the building was calculated for each building. Also, the % reduction in concrete for light weight(50 MPa) and high strength (100 MPa) concrete compared to the normal strength concrete was calculated. Table 1 shows the % reduction in volume for the three selected structures.
Analysis and Results

Cost, Carbon Footprint and Free Space
The first part of analysis is done using simple calculations of cost, carbon footprint, and free space as shown in Table 2 . From the volume of concrete obtained from the design phase, cost and carbon footprint for each concrete type are obtained. Total costs are calculated using the current market price per cubic meter, while the carbon emissions weights are obtained from standard values from previews researches. The concrete cost comparison shows that the normal strength concrete has the least cost based on the concrete volumes needed in each different building studied. Although, the volume of concrete used was reduced in both high strength and lightweight concrete, this reduction was not adequate to reduce the cost substantially.
Moreover, weight of carbon emissions of the normal strength concrete is higher than High strength and light weight concrete.
Another important comparison between the three buildings is the free floor space. As the column sectional area increases, the free floor space will decrease. Free floor space differs between the three multi-story buildings. Figure 1 shows that the total carbon emissions are found to be least in the high strength concrete with 269 tones. It is clear that the normal strength concrete was ranked highest in the carbon emissions. This is due to the large amount of cement used in the design of normal strength concrete. On the other hand, high strength concrete has lower cement amount which proves the reduction of the carbon emissions. High strength concrete is found to be the best concrete type in terms of cost, and has the lowest weight of carbon emissions. 
ACI Life 365
Life-356 was used to conduct several scenarios in order to clarify the differences between the different materials in term of sustainability and service life. The input data of the design had to be entered very carefully to best represent the current material properties in the model. This model includes the details of ) calculated by the model which are presented for each of the 3 materials, together with the predicted times to corrosion imitation and the first repair. Moreover, the initial costs of construction plus the present value of the life costs gathered over the duration of the projects design life. The properties listed include the early-age diffusion coefficient, D28, the time-dependent coefficient, m, and the chloride threshold, Ct. These values are predicted by the model using the data input by the user and shown in Fig. 2 . 
Conclusion
This paper presents an approach for comparison of different construction materials in three different buildings. According to our data collection, which is based on material testing, the properties of the three different concrete specimens match with the ones used for the design. Therefore, the results obtained from the data collection are all valid. Consequently, the values were used in the design software such as (ETABS, SAFE, ACI LIFE 365) to obtain sensible results regarding volume of concrete, cost, carbon footprint, and sustainability in the long run. To ensure that our results were accurate and the comparison was fair, the external factors were eliminated, and therefore the tested environment was fixed for all three studies. The comparison between the different materials was done through two different parameters: (Structural design, concrete volume, relative cost, and relative footprint) and ACI LIFE 365 which depends on the mix designs and cost of the materials.
In conclusion, the overall results revealed the clear variations between the different construction materials. Hence, the high strength concrete proved to be the most sustainable, durable, practical, and cost efficient. This study clearly shows how different construction materials can be compared based on specific criteria to choose the most sustainable and cost effective material in the construction industry.
